Summary. Porphyromonas gingivalis is associated strongly with severe periodontitis, but little information is available on possible transmission routes of this species. This study evaluated three DNA-based molecular typing methods for use in epidemiological surveys of P. gingivalis. In total, 32 isolates from eight married couples were investigated by : (i) restriction endonuclease analysis (REA) of whole chromosomal DNA; (ii) hybridisation of DNA fragments with ribosomal DNA (ribotyping); and (iii) amplification of DNA by the polymerase chain reaction with arbitrary primers (AP-PCR). The data obtained with the three methods were in broad agreement : in six of the eight couples, the isolates from husband and wife were indistinguishable, but isolates from unrelated individuals showed distinct types with all three methods. For some isolates, minor differences in REA pattern were obtained which could not be correlated with differences in ribotype or AP-PCR type. Ribotyping showed differences between isolates from one individual, which were indistinguishable with the other two methods. The patterns obtained with ribotyping or AP-PCR were simple in comparison to the relatively complex REA patterns. Although all three methods were concordant, AP-PCR was found to be the least time-consuming method. The data support the suggestion that P. gingivalis can be transmitted between spouses.
Introduction
Porphyromonas gingivalis is associated strongly with severe periodontitis, but despite much data on the prevalence, biology and virulence of this suspected pathogen,lP4 little information is available on its possible routes of transmission. We have recently provided evidence for the transmission of P. gingivalis between S P O U S~S .~ Similarly, although P. gingivalis is isolated rarely from children, Petit et aL6 have shown that when this species is found in children, one of the parents is often colonised with the same type, indicating the possibility of transmission between parents and their children.
Several typing methods have been described for epidemiological studies of P. gingivalis, but classical typing methods, such as biotyping and serotyping, discriminate few distinct types and are, therefore, not suitable for studying routes of transmission. Modern typing methods based on molecular biology techniques have also been described for P. gingivalis. These include restriction endonuclease analysis (REA) of whole chromosomal DNA,'-' ribotyping, involving hybridisation of DNA fragments with ribosomal l1 and amplification of DNA fragments by the poly-
Materials and methods

Bacterial isolates
The P. gingivalis isolates were obtained from the subgingival plaque, saliva and oral mucous membranes of eight patients with severe adult periodontitis, and their spouses, all colonised with P. gingivalis. The clinical and microbiological characteristics of these married couples have been described previ~usly.~ Between one and seven isolates were evaluated from each individual patient or spouse.
Restriction endonuclease analysis ( R E A )
Chromosomal DNA was isolated by phenol: chloroform extraction and ethanol precipitation after lysis of the bacterial cells with lysozyme, proteinase K and SDS, as described previ~usly.~ Samples (2 pg) of DNA were digested to completion (2 h) w/v gels and stained with ethidium b r~m i d e .~
Polymerase chain reaction with arbitrary primer (AP-PCR)
Amplification of DNA fragments in the polymerase chain reaction with arbitrary primers was as described by Menard et a1.12 Briefly, one colony was harvested into 1OOpl of H 2 0 with added activated charcoal, heated for 10 min at IOO' C, and centrifuged briefly in a microfuge; 5-pl samples were used as template for the PCR. Two primers were used: no. 970-1 1 (5'-GTAAGGCCG), that can detect heterogeneity in P. gingivalis,12 and no. 9 10-05 (5'-CCGGCGGCG), that has also been useful for discriminating between P. gingivalis strains (C. Menard and C. Mouton, unpublished results). Amplification with Taq polymerase (Pharmacia) was as described previously,12 with 30 amplification cycles. Amplification products were evaluated by electrophoresis on agarose 1.6 YO w/v gels and staining with ethidium bromide. the manufacturer's instructions. DNA fragments were separated on agarose 0.6% w/v gels by electrophoresis, stained with ethidium bromide, and photographed under UV illumination. Thereafter, DNA was transferred to a positively charged nylon filter (Boehringer Mannheim), fixed on to the membrane by UV illumination for 3 min, and hybridised for 16 h at 68°C with a probe consisting of digoxigenin-labelled pKK3535 DNA. This plasmid contains the rDNA operon from Escherichia coli,l3 and was obtained from M. Saarela, Helsinki, Finland. The plasmid was isolated from a strain of E. coli by the Magic Miniprep procedure (Promega, Madison, WI, USA), and was then labelled with digoxigenin (Boehringer Mannheim) according to the manufacturer's instructions.
Ribotyping
Hybridised fragments were detected by incubation with anti-digoxigenin antibodies labelled with alkaline phosphatase, followed by incubation with nitro-bluetetrazolium, or with the luminescent substrate Lumigen-PPD (Boehringer Mannheim). As detection with Lumigen-PPD gave the clearest bands, this procedure was used in most experiments.
Results
Three different methods (REA typing, ribotyping and AP-PCR) for typing P. gingivalis were compared for a total of 32 isolates obtained from 16 individuals (table) . These isolates were chosen as being representative of the different REA types that were found previously in these individual^.^ REA typing showed a total of 10 distinct types. Examples of the different REA types are shown in fig. 1 for six isolates from three married couples (BamHI digest); lanes 2 and 3 (couple 2) were indistinguishable, as were lanes 4 and 5 (couple 4); the two isolates from couple 6 were distinct (lanes 6 and 7). The clearest differences in the banding patterns were found in the molecular size region above 5 kb. In two couples (3 and S), minor differences indicative of subtypes were found between different isolates (results not shown). Isolates from unrelated individuals all had distinct DNA patterns, whereas the partners in six couples shared indistinguishable REA types. Isolates from different sites of a single individual gave indistinguishable patterns (table; couples 5 and 7). The data obtained by REA typing were in agreement with earlier result^.^ Typing by AP-PCR was evaluated with the same set of isolates. Fig. 2 shows the AP-PCR patterns obtained with primers 970-11 and 910-05 for 16 isolates of P. gingivalis, one from each individual. The pattern obtained with primer 970-1 1 for ATCC strain 33277 was similar to that reported in an earlier study,12 indicating good inter-assay reproducibility. Isolates from unrelated individuals gave distinct patterns, whereas those from six of the eight couples yielded indistinguishable DNA patterns, irrespective of the primer used. The banding patterns obtained with primer 910-05 were usually more complex than with primer 970-1 1, but allowed the same discrimination. The size of the PCR amplicons with both primers ranged from 0-3 to 2 kb. The AP-PCR and REA typing data were in agreement with respect to the main types found (table) . The subtypes differentiated by REA (on the basis of minor differences in the high molecular size region of the DNA fingerprint) could not be distinguished by AP-PCR.
Ribotyping was performed after digestion of chromosomal DNA with restriction endonucleases BglI or BamHI, followed by hybridisation of the digests with ribosomal DNA from E. coli. Fig. 3 shows examples of the ribotypes obtained for 15 isolates after digestion with BamHI. The patterns obtained after digestion with BamHI were more distinct than those obtained after digestion with BgZI (not shown). The size of the DNA fragments identified by ribotyping ranged from 5 to 20 kb. Ribotyping with both enzymes identified 1 1 distinct patterns. The ribotyping results were largely in agreement with the results obtained by REA typing and AP-PCR. As with AP-PCR, ribotyping was not able to discriminate between the strains with minor differences observed by REA typing in couples 3 and 8 (table). These differences in the REA pattern were observed after digestion with BamHI, electrophoresis and staining with ethidium bromide. After blotting of the same gel, no differences were found after hybridisation of the fragments with rDNA.
All three methods were reproducible. This was illustrated by the finding that all seven isolates from different sites of the patient in couple 5 were indistinguishable by all three methods. With typing by REA and AP-PCR, all isolates tested from couple 7 gave indistinguishable patterns ; in contrast, ribotyping of these isolates showed heterogeneity : isolate HG 1352 was distinct from the other seven isolates after digestion with BglI, and isolate HG 1354 was distinct after digestion with BamHI (table). Fig. 4a shows that the REA patterns from isolates HG 1354 and HG 1359 were indistinguishable, whereas hybridisation with rDNA of the fragments from the same 21-2 gel showed a clearly distinct pattern for HG 1354 ( fig.  4b) . These results were found to be reproducible in three separate experiments.
Discussion
Several conventional typing methods, including biotyping, serotyping and antibiogram typing, have been described for P. g i n g i v a l i~, '~~~~ but these methods recognise insufficient heterogeneity between strains to study transmission routes of this suspected periodontal pathogen. New molecular typing methods for bacteria have recently been applied to P. gingivalis. REA typing of P. gingivali~~-~ is highly sensitive and reveals considerable heterogeneity between strains, but produces large numbers of DNA fragments, resulting in patterns which can be difficult to interpret when large numbers of isolates have to be evaluated. In contrast, ribotyping16 results usually in only four to eight bands. This method has been applied to P. gingivalis isolates from six'' and nine'' unrelated subjects, all of which were found to be distinct. Random amplification of DNA by PCR with an arbitrary primer (AP-PCR) can also be used for typing b a~t e r i a . ' '~~~ Random amplification of genomic DNA, directed by a single oligonucleotide of arbitrary sequence, produces a set of varying short DNA products. Menard et a l l 2 applied this method to P. gingivalis and found that nine strains yielded nine distinct banding patterns. The present study compared these three typing methods with a set of 32 P. gingivalis isolates from eight periodontitis patients and their spouses.
All three methods demonstrated considerable heterogeneity in P. gingivalis, observed as DNA fragment length polymorphisms, with 10 main types and three additional subtypes by REA, 10 types by AP-PCR, and 11 distinct types by ribotyping. The epidemiological conclusions arrived at by the three methods largely agreed: in six couples, the P. gingivalis types found in husband and wife were indistinguishable; in two couples (1 and 6), isolates from husband and wife were clearly distinct ; and isolates from unrelated individuals, i.e., from different couples, were always distinct. Indistinguishable patterns obtained with isolates from different sites in the same individual were indicative of monoclonal colonisation. These data strengthen the conclusion, based on previous experiments with the same set of strains, that P. gingivalis can probably be transmitted between s p o~s e s .~ Relatively few differences were observed between the results obtained with the three methods. The minor differences between some strains found by REA (type D', L' and L"), observed as a variable banding pattern in the high molecular size region, were not reflected in differences by AP-PCR or ribotype. This suggests that such minor polymorphisms reflect mutations restricted to a small part of the genome of these isolates. Such mutations outside the primer-target pairing site are overlooked by AP-PCR. A further discrepancy between the three methods was found with some isolates from couple 7. One of eight isolates tested was distinct from the other seven isolates after ribotyping with BgZI, and a second isolate was distinct after ribotyping with BamHI. As this discrimination was not obtained by REA or AP-PCR, it can be speculated that these differences in rib0 type represent relatively small polymorphisms in the genome of these isolates. This would imply that clear differences in ribotype among strains do not necessarily mean that the isolates are unrelated, and that minute differences can be detected even if their genomes have a high degree of similarity when measured by other techniques.
Since all three methods demonstrated considerable heterogeneity among independently obtained strains of P. gingivalis, it is questionable whether any of these methods is useful to study genetic relationships and to make correlations with virulence and pathogenicity. However, all three methods are suitable for studies of the routes of transmission, although AP-PCR may offer some advantages over the other two methods. REA typing provides a complex pattern with a large number of visible bands (usually > 30), which makes comparison of lanes difficult, whereas ribotyping and AP-PCR both result in a limited number of bands, rendering comparison easier. A disadvantage of ribotyping is that it is rather time-consuming, in contrast to AP-PCR which is relatively easy to perform, gives reproducible data in less than 24 h, and can be applied to a single colony. We conclude that AP-PCR may be of great value for epidemiological studies of P. gingivalis, and may also be useful for studies of other bacteria.
